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AB S T R A C T
A method is pr esented fわr extra cting w etla nd areasin n o rthernbigh･]atitude z o nesusing Norm aliz ed Diffe,enc e
vegetatio nlnde x(N DVI) and la nd s urfa cete.”,erature(T,)calculated fro m midday N O A/A V ER R im agery.
W etZand areasha vebeen distinguished fro motherland-c o v ertypes usIDgS】gn atureS O n aS Cattergrarnof N D VIvs.
Ts ･ The TTlethod w as applied for e xtra cting w etla nd areasinthebasin ofthe O b Riverinthe w estSiberianlo wland.
T he re sult has be env e rified with gro u nd-truth data a nd land-c o v e r c】asiflC atio n results obtain ed fro mhigh-
r e s oJutio n s atelliteim ages.
1.IN T RO D U C TI O N
The w estSiberian 一o wlandis presu m edto be alarge sou rc e ofatm o sphedc m ethan e, which isthe m ostimporta nt
greenhous egas after carbo ndio xi 血 T heJapan - RussiaJointr ese arch proJeCtC O nductedsin ce19 1 bythe Natio n al
Institute for En viroJm e ntal Studies(N IBS) a nd Rusia, - e s e archers has produ ced resul-a con8rming this
presumptio n
l
. As basic data for e stim ating reglO nal･ 班 a】e m etha ne加 xesfrom the w est Siberian lo wla nd, itis
nec ess aryto m easurethe distributio n andareal extentOfw et]ands a ndto mo nitor se as o n alch nges ofv egetatio n and
su rfa ce co nditio nssuch as surface､teJ7)perature a nd w ate rley el･ Sin ce detailedge ographic inforhlatio nis n ot
a vailab一ein w estSiberia a nd itis ofte ndif6c ult to a cc ess w etlaDdsby gro u ndvehicles･ sate一lite o r asrialim ages are
ne c e s s a ryfo rin ve stigating w etla nd ec osytems a ndrnap pmgthegeographic distributio nof w etlands･ Inthis study
w ePrese nt a m ethod fわr extra cting w etla nd areasin westS]
･
beria usiqg mi d 血yN O A A/ VH R R im agery. Useof
AV ER Rdata m akesitpossib一eto n apthe
■
ge ographicdistdbutio n ofw etla nds with1-kTnFoundres olutio n.
(a)Studya r e a
義
(b)Gro u nd obs er vatio n site
Fig･ 1･ (a)AVfIR R im age(in Band1)obtain ed o n8th July19 95inthe O biBasin. A,e a size:45 0 km wide and 415
km long･ Scene c enter:(82
勺E
,
5 8oN).O')Gro u nd1 0bs ervation site ,
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2. STt]l)Y A R E A
Fig･ 1(a)sho w sthe A VllR R im agetaker ”t7:21 G M T(arot･r･d13:00 inlo calsolartim e)o n8thJuly1 995 inthe
ba sin ofthe O bRiy er. Itc ove rs a r e ctangular are a ce nter ed at(82
oE,5 8
oN)witha wi dth 450 km a nd aheight 415
km ･ The Ob Riv erflo wsfroT7]botto m right totoplefL WetlaTlds and fore sts o c cupym o stpartoftheim age ar ea, a nd
there ar e als o sev r al villages aLld agrlC Ultura‖a nds alo ngriv ers. The brightspots n earthebotto mright co m ersho w
the city of To m sk･ T he w etla nds are m airLly c over ed with sphagn um m o ss es, s edges, cotto ngrasses, re eds, dw arf
shr ubs a nd lo w pinetre es･ The fo rest v egetatio n co nsist of both de cidu o u streesO)irches a nd aspens) a nd
co nifer otlStrees(Pin es ar)d 1arches).
T heirrlagein cludesthe T7)ircs whe rethe NIESaTld RtlS Sia nre s e ar ches are rn aking gr ot]nd observatio ns of w etla nd
vegetatio n, 血 ethal)e凸u xes, surfac ete mperattJreS aZ)d w aterlev els ･ T he loc atior] ofthe grotJ nd- obs ervatio n siteis
indicatedbythe white rectar)gle in Fig･ 1(a), aTld its eAnrged iTnageis sho wninFig･ 1(b)･
3. E X T R A C TIO N O F W E T L A NI) A RE A S
3.1 S P A TIALP R O FIL E S O FA Ⅶ R R D A T A
Fig･ 2sho wsthe spa血1profl es ofAVⅢR R datialongthetra nsc ct〕in e(white dotted lin e)indic ated in Fig. 1(b).
The abscissade n otesdistancein apix el u nit;the ordi･1ate der)otes reBe ctanc e(%) fo rvisible and ne arinfr ar ed
ba nds(ba nds 1 and 2), a ndradio.netric brightn esste mperatu re(
c
C)fo rtherm al bands(bands 3-5). The interv al
betw ee n6to 22pix e] distances cor re spo ndsto a w etlaJ)darea;the restparts C Orr e SpO ndtofore st are as･ W e s e ethat
fro mthe spatialproBle cha ncteristics･ A VIi R Rspe ctral band data c a nbc c一assified iT]tOthre egrotJPS,i･e･ ba nd 1,
band 2, a nd ba皿ds3 151 Ba nd1 reflectar.c eis higherin w et]a,Idsth nin forest . Itc a nbe e xp)aimed bythefa ct that
m aJOrityofsphagnu m m ossesfou □dinthis reg10 ntake orlbro wnishcolor,havinghigher r eflcctan ceill red bandthaTl
forestgre eJlleave sI Band 2datahav ehigher v aluesinforest畠thanin wetla nds, whichde m o nstratesthatgr ee n】ea ves
have higher r eBe ctance t hn sphagn u ,n 7T.O SS e Sin ne ari.t&ared ba.)d･ The dip 舟o m 18 to 21 pix el distanc es
c orr espo ndsto theplace whe re w etla nds ha vebee ndried bydiggingtre nches. The bands3-5 ha ve m o reorles sthe
sam e spatialprofiles, havinghighe ,brightnesste mper 血 resin wet]a ndstha niT)forestsI T histeT71Peraturedifferenc e
m aybe e xpl ained bytw o 7TleChanis77)S, First, forests m ayhavea gre atertraJ)SPl ratio n ratethan w etlands;thus,fo rest
havelo w er s u rfa c eteTnPeraturejn mi ddaydueto greaterlatc h(he at tr ansfer･ Se c o nd,for estlea ves m ayb6 Co oled by
air u ntille af te mper atu res ar cin clo se adjustm e nt with air te mperatur e s
2
; o nthe otherha nd w ethnd pla nts
represented bysphagn t'm m o S ses m aybeless co o】ed byaiTbec aus eth y gr o win den s e c)usters n e ar or at thegrou ld
stlrfa cc･ W e n otethatsu rfa cete mperattlr e Shav ehighestvalt)esin driedparts ofw etlands.
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Fig･ 2･ Spatialprofiles ofAVH R R data alo ngthetra nse ctlinein Fig. 1(b).
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From the observatioJIOfthe spatialprofi一es of AVIIR R data, w eha ve chos entw oir)dice sfordelin eatinglaTld co v er
typesinthe studyチre a1 Oneisthe Nor m alized Differen ce Vegetation h d¢x(N D VI):
ND Vt= 些聖埜堅
N )R＋ R E D
where R E Dand N IRare refkcta n ce v alu es of barlds1 and 2ofthe A V tlR RI The otheris stlrfa ccte mper ature(Ts)
co mputed bythe split
- windo w m ethod
s
:
T
s
= 1･764T4 - 0.764Ts ＋0･78
whereT4 a nd T5 are r adiornetric brightT)eSSterr)PeratureSderived frorrlAV H R Rbands 4 a nd 5respe ctiv ely. Fig. 3
sho w sthe spatia一profiles ofN D Vland TR alongthe sam etra ns ectlin e asir)Fig･ 2･ We c anseethereis a n egative
c or relation betw ee nN D VtaTtd Ts, which has bee n observed by several res earchersfor various types of
ec osyste m s
4516･7
･ N DVIe xpresses spectralrene cta n ceproperties a nd density ofv egetatio n;s urfac ete mpera-u re, o n
the other hand, is related to w ater a nd eT]e rgyb ala nc edetermin ed by m oisture a v ailability, a m o u nt of
e vapotra n spzratio n a nd lo calclirrlate fa ctors･ Sinc e w etla nd vegetatioTlhasdiffer entfeaturesfro m otherla7)d
- c o v e r
typesin v egetatio 叩 rOPe rtiesa r)d m oisturestattIS, W e C a n e xpect that w ella ndare as c a nbediffere ntiated fro m o(her
land- c o v e rtypesby using N D V la ndsu rfac ete mperature asfeature -e xtra ctioTl a X e S･
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Fig･ 3･ Spatialpro五1es of N D Vla ndsurfac ete mperature a一ongthetta nsectlin einFig1 1(ら)･
3.2 I A N D･C O V E R C LASSIFI C A TI O N B Y N D VI AND StJ R F A C E T E M P E R A T U R E
Figs･ 4(a)and(ち)illu strate N D VI and surfaceteTnperatureforthe sit)dy area respctive)y･ T he relatio nbetw eerL
N D VI a ndsu rfacete mperatu reca nbe visualiz ed bya tw o
-dim e nsio n alscattergra nl Of N DVIvs･ Ts･ (Fig･ 5). T he
lo catio n ofe achpix el onthe sc attergr a汀=s determined bythe statu s ofvegetatio n co v er a nd m oistu re availabj】ity.
We c an he n ce e xpe ct that e co syte m shaving difere nt propertiesin vegetatio n c ove r a nd m oistu re c onditio ns
occupydiffere ntplac es o nthe s c attergra m.
Sigr)atur e s ofeightla nd- c o v e rtypesty pICallyfo u nd inthis reglOTI W eredraw n oTlthe s catte rgra m : w etlands, birch
forest
, c o niferfore sts, grasses, oils, rive rs,lakes aFld clouds･ The r ectaTlgles aTld
`
＋
'
slgnSin Fig. 5 iTldicate the
bo undaries a nd m e ans oftTainlngS a mples ofthe slgn atur eSI ign atures of bir ch fore sts, c o rliferforest , w etla nds a nd
soils are p)ac ed alo ng aline of a n egative slopein descending order of N D Ⅵa nd in as ceTlding order of T, ･ T he
slgn atUr e Ofgras esislo cated abovethislin e, havinghighersurfacetemperature stha rL W etlarlds and fore sts. IAkes
a nd riv ersha ve alm ostthe sa m e surfacete mperature, buthav edifferer)I N D V Ivaluesdu eto the hlrbidityofriver
w ater･ W e n otethat exister)ce of w ater s u rfa ceirL a PIXe】tendto sh的 thelo catio n of its sc atterp]ot to w ard the
slgnature Oflake or riv er w ater･ Clo uds are chara cterized bytheirlow surfa cete mperatu res arld eativ elylo wN DV I
values･ Pixelspartly co ntaminated byclo uds are shif-edto w ardthe s)gn att)r e ofc]o uds ･
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a(a)ND Vl
ち.
(b)Su rfa cetem pe ratL N C
Fig, 4･ Studyare a see nin(a)N D Vland(也)su rfac etem pe r atu r e.
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using the se slgnatur e S W e Classified land
-c over types by combined use of parallelepiped decisiorl ru1e and
rrLinhT)u rrI-dista nc edecisio n rulc. Fig. 6sho w sthe resultofclassificatioT). FrorrLthis re s ultwctJa nds w ere e stim atedto
c o ver29 %ofthe e ntireim age are a, a ndforest c over67 %･ Forverific atior),this result w as c oJnPared withrestJlts
ofla nd- c o v er classific ation obtained fro mhigh
-r e s olutio n satel一ite im ages(SP O T/H RV a nd JE R S-1/O P S)･ For
e xa mple Fig･ 7(a)sho w sthe re sultof)a nd-c ove r classific ation by S P O T/FR V･ Fig･ 7(b)showsthe areain Fig･ 6
correspo ndingtothe SP O Tnl RVim age･ In both figur es w etland areas areindic ated by white colors･ We c a n s ay
bothresults a reir)fairly go od agre e m ent･
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Fig, 6･ Result ofla rld
- c over classificatio-1 usingND VIand s urfacetemperatu re.
4. S U M ARY
Tw oindices c alculated fr o mmi dday N OAA/A V fIRR data(ND V la nd surfac etem peratu r eT,)have be enus ed to
extract wetland are asin the basirLOf O b Riverin the w est Sibe rian lo wla nd･ FroTnt he obser vatior) ofthe spatial
profiles of AVH RRd早ta, W eha v e chosen N DV Iand Tsto be suitable for differerltiating w etlarldsfro m otherland -
c o v ertypes･ N D VIre8e cts properties ofvegetatio n c ove r. Su rfa ceternperatuTeis relatedto su rface e r)e rgybalar)c e
deter mined by m oistur e avai】abi]ity aLld evapotransplTation ･ A s c attergram of ND VI vs, Ts has sho w n a n egativ e
correlatio nbetw eerlthes eir)dices･ ND VI ishighinfore sts andlow in wctlaTlds, w he reas s urfaceterrlperatureislow
in fore sts a nd high in w etla nds･ Signatures ofeight typical land-covers(w etlands, birch forest , c o niferforests,
a
.
ra ssla nds･ s oi】s･ takes, rivers a nd clo uds)hav ebee ndra w n on the sc attergrarn of N D V IVSI T, I Ba s ed o nthese
sign atu re s w etland areas have bee ndistir)guished fro m otherland cove rty pes by c o mbin ed use ofpara])elepiped
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de cision rule and minim u m- dista n cedecision ru1e. The restllts hav ebe en v erified by gro uzld-truth data a nd by
c o mpariso nwiththe results ofla nd
- c over classific ation obtain ed l書o mhighイeSOIution s atel iteim ages.
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(a)S P O T/H RV (b)NOAA/AVH R
Fig･ 7･ Co771paris o nwiththe res ultofla nd- c o v e r classjfic at加 obtmied from ahigh-re s olutioTt S atelliteim age･ (a)
Res山tfrom SP O T作m V.(b)RestJ) 丘om NO AA/A VHR R･
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